Owing to the diversity of consumer's demand, the traditional Sichuan brocade products have to be innovated in order to survive in a competitive environment. Since the construction of traditional Sichuan brocade was composed of basic-weave, the surface of the fabric shows a regular interweaving planar texture and is difficult to represent a three-dimensional effect. Inspired by embroidery handcraft, this paper attempts to achieve the embroidery-like effect on the fabric through the jacquard process. Based on the multi-backed structure of traditional Sichuan brocade, we adopted the zoned-combination design mode and added extra free-floats interlacing weave in the area where we want to show the embroidered effect and arranged the interlacing points by referring to the feature of the pattern. As a result, designed Sichuan brocades by this method are capable of displaying embroidered effect with high realism and three-dimensionality. This approach improves the artistic effect of the traditional Sichuan brocade and provides a technical reference for further texture design of jacquard fabrics.
and replacing the weft to generate a multi-colored pattern effect on the surface of fabric [2] . However, this traditional fabric cannot meet the needs of modern consumers, so it is extremely urgent to innovate traditional Sichuan brocade.
The prior studies proposed that innovation in pattern and texture design was essential for the innovation of traditional brocade [3] . Predecessors have done a lot of research work on the pattern and color innovation of jacquard fabric. Some research focused on the full-color digital jacquard fabric design [4] [5] [6] [7], others developed the pattern innovation method based on full-color structure and polymeric optical fiber [8] [9] . Different from pattern and color innovation, there were few achievements in texture innovation, especially in the development of imitating embroidery brocade. Wang et al. introduced a method to design jacquard fabrics with quilting seam effect [10] . However, the fabric effect formed by their approach unable to express large-scale embroidery effect. Li et al. realized the high convexity effect on the fabric surface by using a special double layer weave. However, the biggest problem with this fabric is that it does not show the feature of embroidery stitches [11] .
In conclusion, there are few reports about innovation of brocade with an embroidery-like effect, especially in Sichuan brocade. In this study, the Sichuan Brocade with imitating embroidery Effect was obtained based on the utilization of multi-backed construction and free-floats interlacing weave. The application of the jacquard computer-aided design (CAD) system in pattern design and zoned-combination design mode made it possible to create the weaving and embroidering effect on the same fabric.
Design Principles and Methods
The appearance of fabric changes along with the fabric construction of weaves.
There are four main types of traditional jacquard fabric structure: single-layer, backed structure, double-layer and multi-layer. For imitating embroidery effect, the weft threads with long floats will be appropriate to adopt. At the same time, in order to maintain the stability of the fabric, the weft-backed weaves were used after the consideration. The design principles and methods of embroidery-like effect Sichuan brocade will be investigated in the following sections.
Covering Principle of Weft-Backed Weave
In compound fabric construction, different fabric weave designs will have an effect on the covering relationship between the weft threads, so that the surface of the fabric will form three different effects: 1) all-backed; 2) partial backed; 3) no backed. As shown in Figure 1 . In order to generate the embroidered texture on the surface of the fabric, it is necessary to use the all-backed weave to cover the backing layer of the fabric in the embroidered area completely. Because the face weft-floats of the imitation embroidery area is far longer than the backing weft-floats, in terms of theory, the surface of the fabric will only deliver the face weft's color information. 
The Weave Design Principle of Imitating Embroidery Texture
The weave design of the imitating embroidery texture is based on the covering principle of the above-mentioned weft-backed weave compound construction. This paper takes the giant panda Sichuan brocade as an example to introduce the weave design principle of imitating embroidery texture. The artistic characteristics of embroidery products are mainly reflected by the combination of different-length stitches and the change of stitching direction in different embroidery themes. Therefore, it is necessary to consider the combination and the direction arrangement of the stitches when dealing with different pattern themes in the weaving design process. Arranging interlacing structure with free-floats weft threads in the weaving design process will be an effective method to imitate embroidery stitches effect. The interlacing weave can be designed according to the embroidery stitch method, such as Two-Two stitch, Two-Three stitch and Three-Three stitch, etc. The stitch effects are shown in Figure 3 .
Taking the effect of Two-Three stitch as an example. We can arrange the interlacing points at the joint between the stitches when designing the interlacing structure, as shown in Figure 4 .
Since it is impossible to establish a free-floats interlacing weave through the weave repeat unit in the jacquard fabric CAD software, it is necessary to design free-floats interlacing points according to characteristics of the pattern manually.
We can finally obtain the imitating embroidery effect of the fabric by filling the free-floats interlacing weave in the imitating embroidery area of the pattern and weaving by jacquard loom.
In the design process of the giant panda Sichuan brocade paint, in addition to designing the interlacing weave points according to the length of the stitches, it is also necessary to consider the natural growth tendency of the panda hair to Journal of Textile Science and Technology guide the design of the interlacing points. Because the direction of the weft thread restricts the direction of the stitches, so it will be difficult to change the direction of stiches just like the embroidery process. In order to represent the effect of natural hair growth direction on the final fabric surface, this paper investigated the natural growth tendency of the giant panda's hair, and designed the contour of the animal hair according to the natural growth tendency of the animal hair. As shown in Figure 5 . Through the natural torsion of the outline of the imitating embroidery area, a visual effect of the natural growth of the hair is produced after the free-floats interlacing weave is laid.
In addition to considering the natural growth tendency of the outer contour of the hair area, it is also necessary to embody the growth trend of the hair in the hair area by interlacing points design. As shown in Figure 6 (a), the hair of the giant panda can be divided into 18 groups according to the growing trend, and the joint between each group is the position to set the interlacing points, as shown in Figure 6 
Design Process
This paper takes the giant panda theme Sichuan brocade as an example to explain the design process. In this paper, patterns were divided into two areas:
conventional area and imitating embroidery area. As shown in Figure 7 . Based on the multi-backed construction, the weft threads are interwoven with warp threads by normal composite weave in conventional area, whereas the weft threads are interwoven with warp threads by free-floats interlacing weave in imitating embroidery area. To this end, patterns and weaves should be designed using a jacquard fabric CAD system. Conventional area and imitating embroidery area must be edited and modified independently in the jacquard CAD system, and then merging the two zones to produce the final process file.
The design process is divided into three steps. As shown in Figure 8 . At first, the conventional area is processed according to a normal technology to form a corresponding pattern card 1. Secondly, the imitating embroidery area (hair area) is processed and the corresponding jacquard card 2 is obtained. Finally, the pattern card 1 is superposed onto pattern card 2 and the final pattern card 3 is obtained. Figure 9 . The giant panda Sichuan brocade and detailed effects.
Implementation
By arranging the weave design of the conventional area and the imitating embroidery area, it is possible to weave the jacquard fabric with the weaving and embroidering effect on the same fabric surface. 
Conclusion
Imitating embroidery effect Sichuan brocade is a new breed of jacquard fabric based on weaving technology and embroidery technology. Such fabric both has weaving and embroidering effect, and can be produced on a jacquard loom by using a multi-backed fabric structure. The design method of Sichuan brocade with an imitating embroidery effect was developed by using the mode of zonecombination design. These make it possible to create different effect on the same fabric. The result of this study could be able to improve the artistic value of the Sichuan brocade products and provide new design ideas for the development of the characteristic brocade products in the future.
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